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Outline 

§  Sample	
  pain	
  points	
  of	
  using	
  an	
  op7mis7c	
  PDES	
  in	
  general,	
  ROSS/CODES	
  
specifically	
  

§  Iden7fy	
  mi7ga7on	
  strategies	
  
§  Profit	
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Optimistic mode is annoying (state mutation) 

3	
  

x	
  +=	
  5;	
  

Event	
  A	
   Reverse	
  
Event	
  A	
  Init	
  

int	
  x	
  =	
  foo;	
  
int	
  y	
  =	
  bar;	
   y	
  =	
  ev-­‐>baz;	
  

float	
  z	
  =	
  0.0;	
  

void	
  *	
  m	
  =	
  NULL;	
  

…	
  

z	
  +=	
  ev-­‐>fp;	
  

Which	
  ones	
  can	
  we	
  
reverse	
  successfully?	
  

free(m);	
  

Wall	
  7me	
  

(m	
  =	
  malloc();)	
  

LP	
  
State	
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x	
  +=	
  5;	
  

Event	
  A	
   Reverse	
  
Event	
  A	
  Init	
  

y	
  =	
  ev-­‐>baz;	
  

…	
  

z	
  +=	
  ev-­‐>fp;	
  

free(m);	
  

Wall	
  7me	
  

(m	
  =	
  malloc();)	
  

LP	
  
State	
  

x	
  -­‐=	
  5	
  

L	
  
z	
  -­‐=	
  ev-­‐>fp;	
   L	
  -­‐	
  fp	
  not	
  associa7ve	
  

L	
  

int	
  x	
  =	
  foo;	
  
int	
  y	
  =	
  bar;	
  

float	
  z	
  =	
  0.0;	
  

void	
  *	
  m	
  =	
  NULL;	
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x	
  +=	
  5;	
  

Event	
  A	
   Reverse	
  
Event	
  A	
  Init	
  

y	
  =	
  ev-­‐>baz;	
  

…	
  

z	
  +=	
  ev-­‐>fp;	
  

free(m);	
  

Wall	
  7me	
  

(m	
  =	
  malloc();)	
  

LP	
  
State	
  

x	
  -­‐=	
  5	
  

y	
  =	
  ev-­‐>y’;	
  

z	
  =	
  ev-­‐>z’	
  

int	
  x	
  =	
  foo;	
  
int	
  y	
  =	
  bar;	
  

float	
  z	
  =	
  0.0;	
  

void	
  *	
  m	
  =	
  NULL;	
  

ev-­‐>y’	
  =	
  y;	
  

ev-­‐z’	
  =	
  z;	
  

ev-­‐>m’	
  =	
  m;	
  
m	
  =	
  ev-­‐>m’	
  

Solu7on	
  –	
  save	
  state	
  for	
  destruc(ve	
  opera7ons	
  
•  destruc7ve	
  –	
  FP	
  opera7ons,	
  assignment,	
  free,	
  etc.	
  (not	
  even	
  thinking	
  about	
  IO…)	
  
•  in	
  the	
  event	
  is	
  a	
  good	
  place	
  to	
  do	
  this	
  

•  same	
  event	
  mem	
  used	
  for	
  forward	
  and	
  reverse	
  handler	
  

Everything	
  good??	
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x	
  +=	
  5;	
  

Event	
  A	
   Reverse	
  
Event	
  A	
  Init	
  

y	
  =	
  ev-­‐>baz;	
  

…	
  

z	
  +=	
  ev-­‐>fp;	
  

free(m);	
  

Wall	
  7me	
  

(m	
  =	
  malloc();)	
  

LP	
  
State	
  

x	
  -­‐=	
  5	
  

y	
  =	
  ev-­‐>y’;	
  

z	
  =	
  ev-­‐>z’	
  

int	
  x	
  =	
  foo;	
  
int	
  y	
  =	
  bar;	
  

float	
  z	
  =	
  0.0;	
  

void	
  *	
  m	
  =	
  NULL;	
  

ev-­‐>y’	
  =	
  y;	
  

ev-­‐z’	
  =	
  z;	
  

ev-­‐>m’	
  =	
  m;	
  
m	
  =	
  ev-­‐>m’	
  

Problem	
  –	
  memory	
  management	
  (memory	
  leaks	
  in	
  handling	
  of	
  m)	
  
•  need	
  to	
  keep	
  around	
  memory,	
  but	
  don’t	
  know	
  when	
  to	
  free	
  it	
  L	
  
Solu7on	
  –	
  CODES!	
  (codes/rc-­‐stack.h)	
  
•  use	
  a	
  stack	
  data	
  structure	
  of	
  pointers,	
  garbage-­‐collect	
  based	
  on	
  GVT	
  

rc_stack_push(lp,	
  m,	
  s);	
  

struct	
  rc_stack	
  *s;	
  
rc_stack_create(&s);	
  

m	
  =	
  rc_stack_pop(s);	
  



Optimistic mode is still annoying (control flow) 
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LP	
  A	
  

LP	
  C	
  

LP	
  B	
  
intended	
  

actual	
  (bug)	
   state-­‐>foo	
  =	
  ev-­‐>bar;	
  //	
  garbage!	
  

ROSS	
  does	
  not	
  help	
  you	
  with	
  this	
  –	
  can’t	
  “type	
  check”	
  your	
  messages	
  



Optimistic mode is still annoying (control flow) 
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LP	
  A	
  

LP	
  C	
  

LP	
  B	
  
intended	
  

actual	
  (bug)	
   assert(lp_type_magic	
  ==	
  ev-­‐>h.magic);	
  

Solu7on:	
  BYO	
  consistent	
  event	
  structuring	
  
•  CODES	
  can	
  help	
  (codes/lp-­‐msg.h)	
   struct	
  event_b	
  {	
  

	
  msg_header	
  h;	
  
	
  …	
  

};	
  

struct	
  event_c	
  {	
  
	
  msg_header	
  h;	
  
	
  …	
  

};	
  

struct	
  msg_header	
  {	
  
	
  	
  	
  	
  tw_lpid	
  src;	
  
	
  	
  	
  	
  int	
  event_type;	
  
	
  	
  	
  	
  int	
  magic;	
  //	
  magic	
  number	
  for	
  recipient	
  type	
  
};	
  



Optimistic mode is still annoying (etc) 

§  Misc.	
  recommenda7ons	
  
–  Use	
  birields	
  for	
  complicated	
  condi7onals	
  (tw_bf,	
  available	
  with	
  every	
  event)	
  
–  Structure	
  code	
  to	
  minimize	
  mixing	
  of	
  state	
  muta7on	
  and	
  control	
  flow	
  based	
  

on	
  mutated	
  state	
  
–  Very	
  complicated	
  control	
  flows	
  -­‐-­‐	
  while	
  (…)	
  {	
  if	
  (…)	
  {	
  mutate_state	
  }	
  }	
  

•  refactor	
  into	
  mul7ple	
  passes	
  
•  refactor	
  into	
  mul7ple	
  events,	
  using	
  self-­‐events	
  for	
  control	
  flow	
  

–  Use	
  OPTIMISTIC_DEBUG	
  mode	
  (-­‐-­‐sync=4)	
  to	
  debug	
  general	
  reverse	
  
computa7on	
  behavior	
  
•  Runs	
  forward	
  un7l	
  out	
  of	
  event	
  memory,	
  then	
  reverses	
  to	
  the	
  beginning	
  

–  Discuss	
  on	
  the	
  mailing	
  list	
  (codes-­‐ross-­‐users@lists.mcs.anl.gov)	
  J	
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CODES/ROSS helpers for optimistic mode 

§  rc_stack_*	
  (codes/rc_stack.h)	
  
–  Lazy	
  free	
  list,	
  allows	
  for	
  (user-­‐driven)	
  garbage	
  collec7on	
  based	
  on	
  GVT	
  

§  lp_io_*	
  (codes/lp-­‐io.h)	
  
–  Reverse	
  computa7on	
  aware	
  file	
  output	
  for	
  modest	
  data	
  sizes	
  
–  Similar	
  to	
  tw_prinr,	
  but	
  uses	
  MPI	
  collec7ves	
  at	
  end	
  of	
  sim	
  to	
  combine	
  output	
  
–  lp-­‐io	
  support	
  in	
  model-­‐net,	
  local	
  storage	
  models	
  (“category”	
  func7on	
  param)	
  

§  msg_header	
  (codes/lp-­‐msg.h)	
  
–  Commonly	
  used	
  event	
  variables	
  (src	
  LP-­‐ID,	
  event	
  type	
  marker,	
  lp	
  type	
  “magic”	
  

number)	
  
•  CODES	
  conven7on	
  –	
  magic	
  =	
  hash(lp_name);	
  

§  tw_output	
  (ROSS/core/ross-­‐extern.h)	
  
–  Op7mis7c-­‐aware	
  prinr	
  (prints	
  on	
  GVT)	
  

§  Op7mis7c	
  debug	
  mode	
  (-­‐-­‐sync=4)	
  –	
  use	
  it!!!	
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ing a review of a problem long known to Time Warp 
cognoscenti. Our contribution is to  explore how to 
eliminate two sources of the problem-lagging roll- 
backs and stale state-and then to  show that an LP 
can still be pushed into a state that is inconsistent 
with model semantics. We look at risk-free protocols, 
and show that if all LP code is safe with respect to  
“internal speculation”, then the simulation is safe. 

2 The Problem 
We encountered the possibility of processing an 

inconsistent message when using GTW to simulate 
multi-cast resource allocation algorithms. In our 
model, a “link” LP is responsible for storing the cur- 
rent usage and availability of a network link. Such an 
LP may be queried “how much bandwidth do you have 
available”, may be instructed “give me B bits per sec- 
ond bandwidth” , and may be notified “I’m returning 
B bits per second bandwidth.  “Node” LPs simulate 
the arrival of multi-cast requests; the multi-cast ac- 
ceptance procedure involves (i) querying the link LPs 
that would be involved in the broadcast, analyzing the 
available bandwidth and (if the broadcast can be ac- 
cepted) (ii) computing how much bandwidth should 
be requested from each link, (iii) instructing each link 
to allocate this computed amount to  the broadcast. 
When the broadcast session is completed, the node LP 
restores the used bandwidth to the link LPs involved 
in the broadcast. 

This paper resulted from our observation that link 
LPs with zero available bandwidth were sometimes in- 
structed to  allocate some non-zero amount of band- 
width to a new connection, and that link LPs whose 
bandwidth was completely available were sometimes 
instructed to  add additional available bandwidth. 

Close analysis revealed that these nonsensical situ- 
ations were transient, either the LP was rolled back 
and when approaching the message again was in a 
state consistent with the message’s instruction, or the 
message itself was annihilated. We also came to  un- 
derstand how these situations could arise. Figure 2 
illustrates an example. At (simulation) time 100 a 
link LP would be queried by node 1 for availability in- 
formation, and would report its available bandwidth, 
B > 0, in response. Then, the link LP is rolled back to  
an earlier time, say 90, by a message from node 2 that 
claims all B bits per second of the available bandwidth 
at time 90. Node 2 does not release this bandwidth 
any time soon. As part of the processing of that roll- 
back, an anti-message is sent after the response mes- 
sage to  node 1, but is recognized only after node 1 uses 
the first response in a decision to claim bandwidth C 
bits per second bandwidth from the link LP, before 

Node 1 A , -7 
> 

(90) ,I 

1 take B bps,,‘ 

Node 2 r 

wallclock lime 

Figure 2: Timing diagram of how an inconsistent mes- 
sage may occur. 

the anti-message catches up with it (N.B., our un- 
derstanding of GTW is that event processing routines 
are atomic, meaning that so long as the anti-message 
arrives after the initiation of the event that  generates 
the bandwidth claim message, that erroneous message 
will be sent). Node 1’s bandwidth claim is destined to  
be annihilated, because node 1 is destined to  be rolled 
back to deal with the link LP’s new (empty) state. 
But, the link LP processes the bandwidth claim from 
a state where no bandwidth is available. Of course, 
eventually the link LP will be rolled back when the 
bandwidth claim message is annihilated. 

So why should we be concerned if an LP processes 
a funny looking message, since that will all get sorted 
out with rollbacks? We ought to be concerned because 
the code processing that message may not have been 
designed to deal with anomalous messages. We ought 
to be concerned because by combining the state of the 
message with the state of the LP it is conceivable that 
the LP code will do any one of a number of bad things, 
including 

0 indexing outside of array bounds to  damage mem- 
ory or cause a segmentation fault, 

0 call a recursive function with arguments that do 
not yield a “bottom” to  the recursion, 

0 enter an infinite loop, 

0 commit some numerical error such as divide-by- 
zero, (under/over)-flow, negative argiiments to an 
library routine expecting positive arguments, 

0 delete an object from an empty data structure, 

0 just about any bone-headed error you’ve ever 
done or ever seen done in a C or C++ program. 

The point should be clear, the danger of processing an 
inconsistent message is that the code developer has a 
certain model of system behavior in mind that de- 
rives from physical reality. Processing of an inconsis- 
tent message can push the LP into an unforeseen state 

190 

Optimistic mode is hard! 

§  Op7mis7c	
  concurrency	
  comes	
  at	
  a	
  price	
  
–  Reverse	
  computa7on	
  is	
  programmer-­‐provided	
  
–  Emergent	
  mul7-­‐event	
  effects	
  may	
  break	
  model	
  assump7ons	
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a funny looking message, since that will all get sorted 
out with rollbacks? We ought to be concerned because 
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message with the state of the LP it is conceivable that 
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done or ever seen done in a C or C++ program. 

The point should be clear, the danger of processing an 
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certain model of system behavior in mind that de- 
rives from physical reality. Processing of an inconsis- 
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Optimistic mode is hard! 
§  Model	
  assump7on:	
  link	
  LP	
  doesn’t	
  broadcast	
  more	
  available	
  b/w	
  than	
  it	
  can	
  

allocate.	
  
§  Message	
  at	
  simula7on	
  7me	
  110	
  exists	
  outside	
  of	
  reality!	
  

–  Node	
  sends	
  message	
  thinking	
  everything	
  is	
  OK	
  
•  Based	
  on	
  an	
  “alternate	
  7meline”	
  

–  Link	
  receives	
  message	
  that	
  is	
  inconsistent	
  with	
  it’s	
  view	
  of	
  the	
  world	
  
•  But	
  message	
  appears	
  legi7mate!	
  

–  What	
  if	
  you	
  freed	
  request	
  memory,	
  shrunk	
  your	
  array	
  size,	
  done	
  most	
  anything	
  in	
  C?	
  	
  

§  Op7mis7c	
  debug	
  mode	
  doesn’t	
  help	
  with	
  this!	
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Coping strategies 

§  Defensive	
  programming!	
  
–  Aggressively	
  check	
  model	
  assump7ons	
  for	
  unexpected	
  behavior	
  

•  Especially	
  for	
  complicated	
  data	
  structure	
  handling	
  

§  Use	
  the	
  self-­‐suspend	
  technique	
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Self-suspend 
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struct	
  lp_state	
  {	
  
	
  …	
  
	
  int	
  suspend;	
  //	
  init	
  to	
  0	
  

}	
  

void	
  event(lp_state	
  *s,	
  …)	
  {	
  
	
  if	
  (suspend)	
  {	
  //	
  ignore	
  event	
  
	
   	
  //	
  can	
  see	
  mul7ple	
  events	
  
	
   	
  //	
  before	
  rollback	
  
	
   	
  suspend++;	
  
	
   	
  return;	
  
	
  }	
  

	
  
	
  …	
  
	
  if	
  (broken_model_assump7on)	
  {	
  
	
   	
  suspend	
  =	
  1;	
  
	
   	
  //	
  use	
  codes/lp-­‐io.h	
  for	
  
	
   	
  //	
  op7mis7c-­‐aware	
  output	
  
	
   	
  lp_io_write(“error:	
  …”);	
  
	
   	
  return;	
  
	
   	
  tw_error(…);	
  
	
  }	
  

}	
  

void	
  revent(lp_state	
  *s,	
  …)	
  {	
  
	
  //	
  do	
  nothing	
  for	
  ignored	
  events,	
  
	
  //	
  *un7l*	
  we’re	
  back	
  at	
  the	
  origina7ng	
  event	
  
	
  if	
  (suspend	
  &&	
  -­‐-­‐suspend)	
  {	
  
	
   	
  return;	
  
	
  }	
  

	
  
	
  //	
  reverse	
  event	
  code	
  

}	
  

Idea	
  -­‐	
  restrict	
  the	
  set	
  of	
  invalid	
  states	
  your	
  LP	
  sees	
  
	
  -­‐	
  don’t	
  spend	
  7me	
  crunching	
  numbers	
  that	
  will	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  get	
  rolled	
  back	
  anyways	
  



Wrapping up 

§  For	
  more	
  7ps:	
  
–  check	
  out	
  the	
  CODES	
  best	
  prac7ces	
  document	
  

(doc/codes-­‐best-­‐prac7ces.tex	
  –	
  use	
  the	
  makefile	
  to	
  build	
  the	
  pdf)	
  
–  check	
  out	
  the	
  ROSS	
  wiki	
  (hzps://github.com/carothersc/ROSS/wiki)	
  

§  Lots	
  more	
  I	
  didn’t	
  cover	
  here:	
  
–  Encapsula7on	
  of	
  message	
  types	
  between	
  different	
  LPs	
  
–  Sane,	
  generic	
  interfaces	
  into	
  LPs	
  
–  More	
  coding-­‐specific	
  7ps	
  

•  Modelnet,	
  other	
  codes	
  models	
  
•  Configura7on	
  strategies	
  
•  Op7mizing	
  models	
  

–  Let’s	
  discuss	
  these	
  during	
  the	
  hackathon!	
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